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
$EVWUDFW²7KLV SDSHU SUHVHQWV DQ XOWUDVRQLF DFWLYH VRQDU
V\VWHPLQDLUFRQVWLWXWLQJRQHHPLWWHUDQGIRXUUHFHLYHUV7DUJHW
ORFDOL]DWLRQLVDFKLHYHGE\PHDQVRILQWHUVHFWLRQRIIRXUHOOLSVRLGV
GHILQHG E\ WKH WLPHRI IOLJKWEHWZHHQ HPLVVLRQ DQGUHFHSWLRQ RI
WKH VLJQDO UHIOHFWHG E\ WKH WDUJHW 7KLV SDSHU VKRZV D SURRI RI
FRQFHSW RI WKH ORFDOL]DWLRQ SULQFLSOH WKURXJK VRPH ORFDOL]DWLRQ
WDVNV FRQGXFWHG LQD ODERUDWRU\HQYLURQPHQW7KHSRVLWLRQRID
VSKHULFDO WDUJHW LV GHWHUPLQHG ZLWK DQ HUURU EHWZHHQ FP DQG
FP GHSHQGLQJ RQ UHFHLYHU FRQILJXUDWLRQ DQG WDUJHW SRVLWLRQ
7KH SXUSRVH RI WKH IXOO\ GHYHORSHG VRQDU V\VWHP LV WR DVVLVW
GURQHVDQGURERWVLQWKHLUDXWRQRPRXVQDYLJDWLRQ
.H\ZRUGV²VRQDU V\VWHP XOWUDVRQLF ORFDOL]DWLRQ HOOLSVRLGV
WULDQJXODWLRQ
, ,1752'8&7,21
8OWUDVRQLF ORFDOL]DWLRQ LV XVHG WR DYRLG REVWDFOHV LQ URERW
DXWRQRPRXVQDYLJDWLRQ >@ DQG WR ORFDWH UHIOHFWLQJ WDUJHWV >
@6RQDU V\VWHPVDUH W\SLFDOO\ HTXLSSHGZLWKRQH WUDQVPLWWHU
DQG WZR RU PRUH UHFHLYHUV 3DUDPHWHUV VXFK DV WLPH RI IOLJKW
DQGDWWHQXDWLRQDV D IXQFWLRQRI RULHQWDWLRQ DUHSURFHVVHG WR
HVWLPDWHWKHORFDWLRQRIDUHIOHFWRU
7KLVSDSHUGHVFULEHVDQ DFWLYH VRQDUV\VWHPIRUXOWUDVRQLF
ORFDOL]DWLRQRIDWDUJHWLQDLU6RXQGLVSURGXFHGE\RQHHPLWWHU
DQG WKH UHIOHFWHG VLJQDO LV UHFRUGHG E\ IRXU UHFHLYHUV 7KH
ORFDOL]DWLRQSURFHGXUHLVEDVHGRQWKHSURFHVVLQJRIWKHWLPHRI
IOLJKW IURP HPLVVLRQ WR UHFHSWLRQ IRU HDFK SDLUHG WUDQVPLWWHU
UHFHLYHUZKLFKDOORZVWKHFDOFXODWLRQRIIRXUHOOLSVRLGVZKRVH
LQWHUFHSWLRQ SRLQW LV WKH HVWLPDWH RI WKH UHIOHFWLQJ WDUJHW
ORFDWLRQ 7KLV SURRI RI FRQFHSW LV WHVWHG WKURXJK ODERUDWRU\
H[SHULPHQWV ,Q WKH IROORZLQJ WKH LQWHUVHFWLRQ RI HOOLSVRLGV
PHWKRG LV GHVFULEHG LQ 6HFWLRQ ,, WKH HTXLSPHQW DQG WKH
H[SHULPHQW VHWWLQJ DORQJ ZLWK WKH H[SHULPHQW UHVXOWV DUH
SUHVHQWHG LQ6HFWLRQ,,,ZKLOH UHVXOWVDUHGLVFXVVHG LQ6HFWLRQ
,9ZLWKDSODQIRUIXWXUHZRUN
,, 0(7+2'
$ &DOFXODWLRQRIHOOLSVRLGV
7KH VRQDU V\VWHP FRQVLVWV RI RQH WUDQVPLWWHU DQG IRXU
UHFHLYHUV7KHXOWUDVRQLFVLJQDOLVSURGXFHGE\WKHWUDQVPLWWHU
UHDFKHV WKH WDUJHW DQG LV UHIOHFWHG EDFN WR WKH UHFHLYHUV )RU
HDFK SDLUHG WUDQVPLWWHUUHFHLYHU WKH WLPH RI IOLJKW IURP
HPLVVLRQ WR UHFHSWLRQGHILQHV D VHW RI SRLQWV ZKHUH WKH WDUJHW
FRXOG EH 7KLV VHW LQ ' VSDFH LV DQ HOOLSVRLG ZKRVH IRFDO
SRLQWVFRUUHVSRQGWRWKHORFDWLRQRIWKHWUDQVPLWWHUDQGRIWKH
UHFHLYHU)URPWKHWLPHRIIOLJKWYDOXHSDUDPHWHUVDEDQGFLQ
WKHHOOLSVRLGHTXDWLRQFDQEHFDOFXODWHGDV
 ൞ටቀ௟ଶቁଶ െ ቀௗଶቁଶ ൌ ܾ ൌ ܿ௟ଶ ൌ ܽ  
ZKHUHOLVWKHOHQJWKRIWKHSDWKFRUUHVSRQGLQJWRWKHPHDVXUHG
WLPHRIIOLJKW3DUDPHWHUDLVWKHOHQJWKRIWKHORQJHVWVHPLD[LV
RI WKH HOOLSVRLG ZKLOH E LV WKDW RI WKH VKRUWHVW ,Q ' F LV
GHILQHGDQGLQWKHFDVHFRQVLGHUHGLQWKLVSDSHUE F
% ,QWHUVHFWLRQRIHOOLSVRLGV
$V GHSLFWHG LQ )LJ  WKH WLPH RI IOLJKW DQG WKH PXWXDO
SRVLWLRQVRIRQHWUDQVPLWWHUDQGWZRUHFHLYHUVPDNHLWSRVVLEOH
WRGHILQH WZRHOOLSVHV WKURXJK(T 7KHLU LQWHUVHFWLRQVDUH
WZRSRLQWVRIZKLFKRQHFRUUHVSRQGVWRWKHWDUJHWORFDWLRQ,Q
WKUHHGLPHQVLRQDOVSDFHDQRWKHUHOOLSVRLGLVUHTXLUHGWRILQG
LQWHUVHFWLRQSRLQWVEHWZHHQ WKH WKUHH HOOLSVRLGVRIZKLFKRQO\
WKHRQHIDFLQJWKHWUDQVPLWWHULVFRQVLGHUHGDVDIHDVLEOHWDUJHW
ORFDWLRQ$IRXUWKHOOLSVRLGLVLQFOXGHGLQWKHFDOFXODWLRQVWRJHW
DEHWWHUHVWLPDWHLQFDVHDQ\RIWKHSUHYLRXVWKUHHGLGQ¶WUHWXUQ
DJRRGVLJQDOUHDGLQJ
)LJ (OOLSVHVGHILQHG IURP WUDQVPLWWHUDQGUHFHLYHU ORFDWLRQV DV WKH IRFDO
SRLQWV DQG WKH SDWK RI IOLJKW DV KDOI RI WKH PDLQ D[LV D 7DUJHW ORFDWLRQ
FRUUHVSRQGVWRRQHRIWKHWZRLQWHUVHFWLRQSRLQWVRIWKHHOOLSVHV


,,, (;3(5,0(176
$ ([SHULPHQWDOVHWWLQJDQGHTXLSPHQW
([SHULPHQWV ZHUHSHUIRUPHG LQ D VRXQGSURRI ERRWKZLWK
GLPHQVLRQV [[FP /:+ VHH )LJ  7KH ZDOOV
FHLOLQJDQGIORRURIWKHERRWKZHUHFRYHUHGZLWKDFRXVWLFIRDP
WR SUHYHQW UHIOHFWLRQV RI WKH SURGXFHG XOWUDVRQLF VLJQDOV 7KH
HPLWWHU LVD3RODURLG6HULHV WUDQVGXFHU>@ZLWKUHVRQDQW
IUHTXHQF\DURXQGN+]7KHIRXUUHFHLYHUVDUH%UXHO	.MDHU
LQFKPLFURSKRQHVFDSDEOHRIUHFRUGLQJVRXQGVXSWR
N+]7KHWDUJHWLVDEUDVVVSKHUHZLWKDGLDPHWHURIFP
)LJ ([SHULPHQWDOVHWWLQJ7KHIUDPHKROGVLQSODFHWKHWUDQVPLWWHUZLWKD
PDVNLQUHGWRHQODUJHLWVEHDPSDWWHUQ7KHPLFURSKRQHLVPRXQWHGRQWKH
IUDPH7KHWDUJHWLVKHOGLQIURQWRIWKHWUDQVPLWWHUZLWKDURG$FRXVWLFIRDP
FRYHUVWKHZDOOVRIWKHERRWK
,QWKHH[SHULPHQWVWKHVSKHUHZDVIL[HGZLWKDURGLQIURQW
RIDIUDPHKROGLQJWRJHWKHU WKHHPLWWHUDQGWKHUHFHLYHUV7KH
IUDPH KDV D FHQWUDO KROH WR DFFRPPRGDWH WKH WUDQVGXFHU DQG
KROHV ZLWK VPDOOHU GLDPHWHU IRU WKH PLFURSKRQH SRVLWLRQV
7KHUH DUH  KROHV IRU WKH UHFHLYHUV VR WKH PLFURSKRQH
FRQILJXUDWLRQ LQ WKH H[SHULPHQWDO WDVNV FDQ EH FKDQJHG 7KH
IURQWRIWKH3RODURLGWUDQVGXFHUZDVFRYHUHGZLWKDF\OLQGULFDO
PDVNLQRUGHUWRUHGXFHWKHDFWLYHYLEUDWLQJVXUIDFHFRQYH\LQJ
WKHDFRXVWLFVLJQDOLQWRWKHHQYLURQPHQWVHH)LJ7KLVZD\D
ZLGHUDUHDFDQLQSULQFLSOHEHHQVRQLILHGLQRQHHPLVVLRQRQO\
DVLWPDNHVLWSRVVLEOHWRHQODUJHWKHZLGWKRIWKHEHDPSDWWHUQ
>@)LJVKRZVWKHVFKHPDWLFVRIWKHH[SHULPHQWDOVHWXSZLWK
WKHPLFURSKRQHFRQILJXUDWLRQV$%DQG&XVHGLQGHWHUPLQLQJ
WDUJHW ORFDWLRQ 7KH WDUJHW LV LQ IURQW RI WKH VXSSRUW IRU WKH
WUDQVGXFHUDQGWKHUHFHLYHUV7KHUHIHUHQFHIUDPHKDVLWVRULJLQ
LQ WKHERWWRPULJKWFRUQHURI WKH VXSSRUW WKXV WKHSRVLWLRQRI
WKHWDUJHWFDQDOVREHGHILQHGZLWKUHVSHFWWRLW



)LJ 5HIHUHQFHIUDPHZLWKSRVLWLRQVRIWDUJHWWUDQVGXFHUDQGPLFURSKRQHV
OHIW LQ WKH ILJXUH 0LFURSKRQH SRVLWLRQV DFFRUGLQJ WR FRQILJXUDWLRQV $ %
DQG&IRUWKHH[SHULPHQWVULJKWLQWKHILJXUH
% 7LPHRIIOLJKWGHWHFWLRQ
7KHWUDQVGXFHUSURGXFHGWRQHEXUVWVDWN+]FRQVLVWLQJRI
F\FOH VLQHZDYHV ZLWK 9SS DPSOLWXGH 9SS ZHUH
QHFHVVDU\LQRUGHUWRJHWDFOHDUUHIOHFWLRQIURPWKHWDUJHWDWDOO
WKH ORFDWLRQV FKRVHQ LQ WKH H[SHULPHQWV 7KH ELDV YROWDJH
VXSSOLHG WR WKHWUDQVGXFHUZDV97KHXOWUDVRQLFVLJQDO LQ
WKHERRWKUHDFKHGWKHWDUJHWDQGZDVUHIOHFWHGEDFNWRHDFKRI
WKHUHFHLYHUSRVLWLRQV7KHUHIOHFWHGVLJQDOVZHUHWKHQDQDO\VHG
WR HVWLPDWH WKH ORFDWLRQ RI WKH EUDVV VSKHUH 1DPHO\ DQ
HQYHORSHGHWHFWLRQPHWKRGZDVXVHGZKHUHWKHDQDO\WLFVLJQDO
RI HDFK UHFRUGLQJ ZDV FDOFXODWHG XVLQJ LWV +LOEHUW WUDQVIRUP
7KHDQDO\WLFVLJQDODVWRIWKHUHFRUGLQJVWLVGHILQHGDV
 DVW VWKVW 
ZKLOHWKHHQYHORSHRIVWLVFDOFXODWHGDFFRUGLQJWR
 HW _DVW_ ඥݏሺݐሻଶ ൅ ݄௦ሺݐሻଶ 
,Q KVW LV WKH+LOEHUW WUDQVIRUP RIVW DQG DVW LV WKHDQDO\WLFVLJQDOIURPZKLFKWKHHQYHORSHHWLVUHFRYHUHG7KH
HQYHORSHRIWKHDQDO\WLFVLJQDOZDVGRZQVDPSOHGE\DIDFWRURI
DQGILOWHUHG$WKUHVKROGZDVWKHQDSSOLHGWRWKHUHVXOWVLJQDO
WRGHWHFWWKHWLPHRIIOLJKWFRUUHVSRQGLQJWRWKHGHWHFWLRQRIWKH
WDUJHWLQWKHUHFRUGLQJVW
& 5HVXOWV
)RU D SDUWLFXODU PLFURSKRQH FRQILJXUDWLRQ WKH WLPH RI
IOLJKW YDOXHV DVVRFLDWHG WR HDFK UHFRUGLQJ DORQJ ZLWK WKH
FRRUGLQDWHVRI WKHWUDQVGXFHUDQGWKHUHFHLYHULWVHOIGHILQHDQ
HOOLSVRLG 7KH LQWHUVHFWLRQ RI WKH IRXU HOOLSVRLGV UHWXUQV D
ORFDWLRQWKDWLVWDNHQDVWKHHVWLPDWHRIWKHWUXHWDUJHWORFDWLRQ
VHH)LJ





7KLVUHVHDUFKLVIXQGHGE\WKH(XURSHDQ5HVHDUFK&RXQFLOXQGHUWKH
(XURSHDQ8QLRQ¶V6HYHQWK)UDPHZRUN3URJUDPPH)3(5&
*UDQW$JUHHPHQWQ>@

)LJ 7KHIRXUHOOLSVRLGVDVVRFLDWHGZLWKHDFKSDLUPLFURSKRQHWUDQVPLWWHU
DQGLQWHUVHFWLQJLQDORFDWLRQGHILQLQJWKHHVWLPDWHRIWKHWDUJHWRQH
7KUHHWDUJHWSRVLWLRQVDUHFRQVLGHUHGLQWKLVSDSHUDQGWKH\
DUHGHWDLOHGLQ7DEOHIRUWKHUHIHUHQFHIUDPHVKRZQLQ)LJ
7KH ORFDOL]DWLRQ PHWKRG GHSHQGV RQ WKH FRQILJXUDWLRQ RI WKH
UHFHLYHUV DOVR ,Q7DEOH WKH HUURU DV WKH(XFOLGHDQGLVWDQFH
EHWZHHQWKHHVWLPDWHGDQGWKHWUXHWDUJHWORFDWLRQLVVKRZQIRU
HDFKWDUJHWSRVLWLRQDQGPLFURSKRQHFRQILJXUDWLRQ
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7KH SXUSRVH RI WKLV SDSHU LV WKH GHVLJQ RI DQ XOWUDVRQLF
VRQDUV\VWHPDQGWKHSURRIRIFRQFHSWRIDORFDOL]DWLRQPHWKRG
LPSOHPHQWHGLQLW7KHORFDOL]DWLRQLVEDVHGRQWKHGHILQLWLRQ
RIHOOLSVRLGVFDOFXODWHGIURPWKHWLPHRIIOLJKWYDOXHVDQGWKH
PXWXDO SRVLWLRQV RI WKH WUDQVPLWWHU DQG HDFK UHFHLYHU 7KH
LQWHUVHFWLRQ RI WKH HOOLSVRLGV UHWXUQV D ' ORFDWLRQ ZKLFK
HVWLPDWHVWKDWRIWKHWDUJHWUHIOHFWLQJWKHDFRXVWLFVLJQDOEDFN
WR WKH UHFHLYHUV 7KUHH PLFURSKRQH FRQILJXUDWLRQV ZHUH
FRQVLGHUHG IRU WKUHH WDUJHW SRVLWLRQV DV GHVFULEHG LQ WKH
SUHYLRXV VHFWLRQ 7KH PHDVXUHPHQW RI WKH WLPH RI IOLJKW LV
EDVHG RQ WKH FDOFXODWLRQ RI WKH HQYHORSH RI HDFK UHFHLYHG
VLJQDO GHILQHG DV WKH DEVROXWH YDOXH RI WKH DQDO\WLF VLJQDO
ZKHUH WKH LPDJLQDU\ SDUW LV WKH +LOEHUW WUDQVIRUP RI WKH
UHFRUGHGVLJQDODQGWKHUHDOSDUWLVWKHUHFRUGHGVLJQDOLWVHOI
7KH HUURU YDOXHV LQ 7DEOH  VKRZ D GHSHQGHQFH RI WKH
ORFDOL]DWLRQ PHWKRG LPSOHPHQWHG LQ WKH VRQDU V\VWHP RQ
PLFURSKRQHFRQILJXUDWLRQDQGDVH[SHFWHGRQWDUJHWSRVLWLRQ
0LFURSKRQH FRQILJXUDWLRQ & LV VKRZQ WR JXDUDQWHH WKH PRVW
DFFXUDWH HVWLPDWHV 7KLV FDQ EH H[SODLQHG EHFDXVH
FRQILJXUDWLRQ & LV DV\PPHWULF WKXV UHWXUQLQJ HOOLSVRLGV ZLWK
GLIIHUHQW VL]HV PRUH WKDQ LQ WKH FDVH ZKHUH WKH PLFURSKRQHV
ZHUH GLVSODFHG OLNH LQ FRQILJXUDWLRQ $ RU % (UURU YDOXHV
UDQJH IURP D PLQLPXP RI FP WR D PD[LPXP RI FP
7KRVH EH\RQG FP DUH GXH WR WKH ZHDNQHVV RI WKH DFRXVWLF
VLJQDO UHWXUQLQJ WR WKH UHFHLYHUV DQG WR WKH PHUJLQJ RI WKH
VLJQDO ZLWK EDFNJURXQG QRLVH )XUWKHU LPSURYHPHQWV ZLOO EH
WR LQFUHDVH WKH VHSDUDWLRQ EHWZHHQ WKH UHFHLYHUV DQG WKH
WUDQVGXFHU DQG LQFUHDVH WKH SRZHU RI WKH WUDQVPLWWHG VLJQDO
LQFOXGLQJSRZHUDPSOLILHUVLQWKHGHVLJQRIWKHVRQDUV\VWHP
,QDGGLWLRQPRUHVLJQDOSURFHVVLQJWHFKQLTXHVVXFKDVFURVV
FRUUHODWLRQ DQG ZDYHIRUPV DV WKH WUDQVPLWWHG VLJQDO ZLOO EH
LQYHVWLJDWHG
7KH ILQDO DLP LV WR PRXQW WKLV VRQDU V\VWHP RQ URERWV
HQJDJHG LQ QRQGHVWUXFWLYH HYDOXDWLRQ WKXV VXSSRUWLQJ WKHLU
DXWRQRPRXV QDYLJDWLRQ DQG RQ GURQHV SHUIRUPLQJ DUHD
SDWUROOLQJDQGVXUYHLOODQFHLQPLOLWDU\RSHUDWLRQV
$&.12:/('*0(17
7KHDXWKRUVZRXOGOLNHWRWKDQNWKHVWDIIDQGUHVHDUFKHUVDWWKH
&HQWUH IRU 8OWUDVRQLF (QJLQHHULQJ RI WKH 8QLYHUVLW\ RI
6WUDWKFO\GHIRUWKHLUVXSSRUWWKURXJKRXWWKLVUHVHDUFKZRUN
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